Creep stresses have been derived using transition theory 7 . The results for the combined effects of angular speed and temperature are calculated and depicted graphically. It has been observed that a cylinder made of less compressible material at the internal surface and highly compressible at the outer surface is on the safer side of the design for different values of N, W 2 and temperature as compared to highly compressible material at the internal surface and less compressible at the outer surface.
INTRODUCTION
The problem of a uniformly rotating long, thick-walled circular cylinder arises occasionally in the design of turbine rotors. The creep behavior of circular cylinders rotating about its axis of symmetry has been investigated by many authors [1] [2] [3] [4] [5] . Rotating cylinder plays an important role in machine design particularly at elevated temperatures. Rimrott and Luke 5 has obtained the creep stresses of a rotating hollow circular cylinder made of isotropic and homogeneous materials. Wahl 6 has given stress distribution under steady state creep at elevated temperature for long rotating cylinders having axial bores and subjected to external radial tension. Non-homogeneous materials are effectively utilized in aerospace and commercial applications. Some degree of non-homogeneity is present in wide class of materials such as hot rolled metals, aluminum and magnesium allows. Non-homogeneity can also be generated by certain external field, that is thermal field, as the elastic modules of the material vary with the temperature or co-ordinates, etc. The effect of stress distribution caused by external fields is much more pronounced and of larger duration than the effect of thermal stresses themselves.
In this paper, an attempt has been made to obtain the creep stresses for a non-homogeneous thick-walled rotating cylinder by using transition theory 7 . It utilizes the concept of generalized strain measure and asymptotic solution at the turning points or transition points of the governing differential equation defining the deformed field and has been successfully applied to a large number of problems in creep [7] [8] [9] [10] [11] . The generalized principal strain measure is defined as where, a r b £ £ , a and b are internal and external radii, C 0 and k are constants. Results obtained have been discussed numerically and depicted graphically.
GOVERNING EQUATIONS
Consider a thick-walled circular cylinder of internal and external radii a and b respectively, rotating with an angular velocity w of gradually increasing speed about its axes subjected to temperature q = q 0 at the internal surface. The components of displacement in cylindrical co-ordinates are given by
where b is a function of r = 2 2
x y + only and d is a constant.
The finite components of strain are, The temperature q has to satisfy q ii = 0 (2.5) Equation (2.4) for this problem become The transition point of b in equation (2.9) are 1 P ® -and P ® ± µ .
The boundary conditions are
The resultant forces normal to the plane Z = constant must vanish, that is,
SOLUTION THROUGH THE PRINCIPAL STRESS DIFFERENCE
For finding the creep stresses, the transition function is taken through the principal stress difference [7] [8] [9] [10] [11] at the transition point 1 P ® -. The transition function R is defined as ( )
Taking the logarithmic differentiation of equation (3.1) with respect to r and using equation (2.9), one gets ( )
Taking asymptotic value of equation (3.3) at 1 P ® -and integrating, one gets
where asymptotic value of b as 1 P ® -is D/r, D being a constant and
where E is the Young's modulus, A is constant of integration and 
Equations (3.6) to (3.8) are thermal creep stresses for non-homogeneous thick-walled rotating cylinder.
Non-homogeneity in the cylinder is due to variable compressibility C as given in equation (1.2). Using equation (1.2) in equations (3.6) to (3.8), one gets 
where ( ) ( ) 
Equations (3.9) to (3.11) give thermal creep stresses for a thick-walled rotating cylinder having variable compressibility.
The non-dimensional components are introduced as
The equations (3.9) to (3.12) in non-dimensional form can be written as 
log log 
Equations (4.1) to (4.4) are same as obtained by Gupta et.al. 8 
STRAIN RATES
When the creep sets in, the strain should be replaced by strain rates. The stress-strain relation (2.4) can be written as (1 )
where ij e & is the strain rate tensor with respect to flow parameter t and 
These are the constitutive equations for finding the creep stresses. In classical theory, the measure N = 1/n. For incompressible material, without thermal effects one obtained the same constitutive equations as given by Odquist 3 .
NUMERICAL ILLUSTRATION AND DISCUSSION
For calculating the stresses and strain rate distributions based on the above analysis, the definite integral in equation (for Methyl Methacrylate) and q 0 = 10000° F] with respect to radii ratio R shown in Fig.  1 and Fig. 2 for k = -2, 0, 2, respectively. In classical theory, the measure N is equal to . (i) For k = -2, the compressibility of the material varies as C = C 0 r 2 , that is, from the lowest value at the internal surface to the highest value at the external surface. It has been observed from Fig. 1 that circumferential stress for non-homogeneous rotating cylinder with an angular speed W 2 =5, is maximum at the external surface for the measure n = 1, 1/3. It has also been observed from Table 1 that circumferential stress goes on increasing with the increase in measure. From Fig. 2 , it has been observed that circumferential stress goes on increasing with the increase in angular speed and inclusion of thermal effects.
(ii) For k = 0, for homogeneous incompressible rotating cylinder, it has been observed from Fig. 1 that with angular speed W 2 =5, circumferential stress is maximum at the internal surface. It has been observed from Table 1 that with the increase in measure, the circumferential stress goes on decreasing at the internal surface. From  Fig. 2 , it has been observed that circumferential stress goes on increasing with the increase in angular speed and inclusion of thermal effects. (iii) For k = 0, the compressibility of the material varies as C=C 0 /r 2 , that is, from the higher value at the internal surface to the lower value at the external surface. It has been observed from Fig. 1 that circumferential stress is maximum at the internal surface and goes on decreasing with the increase in measure N (as seen from Table 1 ). From Fig. 2 , it has been seen that the circumferential stress goes on increasing at the internal surface with the increase in angular speed and inclusion of thermal effects. It can be seen from Fig. 3 that there is a contraction in the radial direction at its internal surface for a nonhomogeneous rotating cylinder whose compressibility increases radially (k=-2 ) for n = 1, 1/3 respectively and it increases for homogeneous incompressible rotating cylinder (k=0) and non homogeneous rotating cylinder whose compressibility decreases radially (k=2).With the increase in angular speed and inclusion of thermal effects, there is more contraction in radial direction for k=-2 and k=2 while less contraction for incompressible material k=0 (as seen from Fig. 4) . The circumferential strain rate is maximum at the external surface for k=-2 and at internal surface for k=0, k=2.
CONCLUSION
From the above observations, it can be concluded that a cylinder made of less compressible material at the internal surface and highly compressible at the outer surface is on the safer side of the design for different values of N, W 2 and temperature as compared to highly compressible at the internal surface and less compressible at the outer surface.
